Sixty-eight drug-resistant Mycobacterium tuberculosis isolates (44.2% of all resistant cases) were analyzed by IS6110 restriction fragment length polymorphism fingerprinting and spoligotyping to provide a deeper insight into the status of drug-resistant tuberculosis in Hungary. A total of 54.4% of the drug-resistant cases and 75% of the multidrug-resistant cases could be clustered. Analysis of the spoligotyping patterns of the strains revealed a high rate (66.2%) of infection by the Haarlem genotype, while none of the patients were infected by the Beijing genotype. The magnitude and the dynamics of drug-resistant tuberculosis are underestimated in Hungary.
One of the greatest concerns of tuberculosis control programs is the emergence and spread of drug-resistant and multidrug-resistant (MDR) (resistance at least to isoniazid [INH] and rifampin [RIF] ) tuberculosis. In Hungary in 2003, there were 93 (7.9%) patients with drug-resistant tuberculosis (including MDR tuberculosis) and 16 (1.4%) patients with MDR, and in 2004, the number of drug-resistant and MDR cases was 61 (5.1%) and 9 (0.75%), respectively (8, 9) . However, it is important that the rate of culture-confirmed cases was only 42.7% in 2003 and 48.6% in 2004. Moreover, mandatory susceptibility testing was performed for only 48.8% of the culturepositive isolates in 2003 and 48.5% of the culture-positive strains in 2004 (8, 9) . Consequently, the actual extent and type of drug-resistant tuberculosis in Hungary are unknown.
Therefore, a retrospective population-based study was performed to provide a molecular insight into the extent of drugresistant tuberculosis in Hungary using DNA fingerprinting analysis. For this purpose, all drug-resistant Mycobacterium tuberculosis complex strains (68 isolates) that were identified in the Hungarian Reference Laboratory for Mycobacteria at the Koranyi National Institute for Tuberculosis and Respiratory Medicine in 2003 and 2004 were analyzed by IS6110 restriction fragment length polymorphism (RFLP) fingerprinting and spoligotyping. These isolates were submitted to the reference center for susceptibility testing from all over Hungary and represented 44.2% of all drug-resistant tuberculosis cases reported in Hungary in 2003 and 2004 (8, 9) .
Testing of all isolates for susceptibility to INH, RIF, ethambutol, and streptomycin (SM) was carried out by the proportion method on Löwenstein-Jensen medium as described previously by Canetti et al. (2) . Conventional epidemiologic data were obtained from the database of the National Tuberculosis Surveillance System (NTSC) as described elsewhere previously (13) .
IS6110 RFLP fingerprinting were performed in line with a standardized protocol as described previously (3, 14, 17) . Spoligotyping was performed with a commercially available kit (Isogen Bioscience BV, Maarssen, The Netherlands) according to the instructions of the manufacturer (10) . The IS6110 fingerprint and spoligotype patterns of the examined strains were analyzed using Bionumerics software, version 3.5 (Applied Maths, Sint-Martens-Latem, Belgium), as described previously (3, 14, 17) . Clusters were defined as groups of patients with M. tuberculosis strains showing identical IS6110 RFLP (same number of IS6110 bands at identical positions [position tolerance, 1.2%]) and spoligotype patterns.
The chi-square test and the Mann-Whitney U test were employed to evaluate differences in demographic, epidemiologic, and drug resistance characteristics between clustered and nonclustered patients. Values of P of less than 0.05 were considered significant.
In order to display the degree of relatedness of the isolates, a dendrogram was generated by applying the Dice coefficient and the unweighted-pair group method with arithmetic mean (Fig. 1) . Thirty-one isolates (45.6%) showed unique fingerprint patterns, while 37 isolates (54.4%) had an IS6110 RFLP pattern and a spoligotyping pattern identical to those of at least one other isolate and were thus grouped into 12 different clusters ( Fig. 1) . Eleven (16.2%) patients belonged to the largest cluster (cluster 2), 12 (17.6%) patients belonged to four smaller clusters with 3 patients each (clusters 1, 4, 10, and 12), and 14 (20.6%) patients belonged to seven clusters with 2 patients each (clusters 3, 5, 6, 7, 8, 9, and 11) (Fig. 1) .
Analysis of the spoligotyping patterns revealed that a remarkably high number (45 [66.2%]) of patients were infected with strains of the Haarlem genotype, while two (2.9%) patients were infected with an East African-Indian genotype strain, and no classification of major genotypes was possible for 21 (30.9%) isolates (Fig. 1) . It is noteworthy that none of the patients were infected by strains of the Beijing genotype.
The characteristics of the 68 human immunodeficiency virus-negative patients with drug-resistant tuberculosis are summarized in Table 1 . Statistical analysis did not find any significant difference between clustered and nonclustered patients with regard to their demographic characteristics or their medical and social risk factors.
A review of the database of the NTSC revealed that many of the related isolates were from patients located in similar geographic regions. For example, of the 11 patients of cluster 2 (the largest cluster), 5 (2 homeless) were from neighboring downtown districts of Budapest (the capital), and 3 were residents of two adjacent, high-incidence, northeast counties (Heves and Nógrád Counties). Similar coincidences of genotype and geographic location were observed for patients in all other clusters: two of the three patient in cluster 1, both patients in cluster 3, all three patients in cluster 4, both patients in cluster 5, both patients in cluster 6, both patients in cluster 7, both patients in cluster 8, two of the three patients in cluster 10, both patients in cluster 11, and two of the three patients in cluster 12 were from the same geographic location. Three Results of susceptibility testing of the 68 resistant isolates by the proportion method are presented in Table 2 . Notably, 21 (75.0%) of the MDR strains were clustered. Comparison of susceptibility patterns of clustered and nonclustered patients revealed a statistically significant difference for mono-SM-resistant (P ϭ 0.0374) and MDR (P ϭ 0.0043) patients. In addition, in several clusters, a good correlation was found between the IS6110 fingerprints and the drug susceptibility patterns, implying a close relationship between these strains (data not shown).
The present study is the first to provide a molecular epidemiological insight into the patterns and transmission dynamics of drug-resistant tuberculosis in Hungary. The strains that were included in the study exhibit a medium degree of DNA polymorphism (43 different RFLP patterns in 68 isolates). Since strain diversity is inversely associated with the incidence of the disease, this observation may indicate that the incidence of drug-resistant tuberculosis is actually underestimated by presently available conventional epidemiologic data (7) .
The rate of clustered cases (54.4%) was much higher than the rate of clustered drug-resistant cases observed in studies performed in Poland (38.9%), Belgrade, Central Serbia (43.5%), and Germany (33%), while it was lower than that in Estonia (67.2%) (11, 14, 15, 19) . The high rate of clustered cases and the high rate (81.1%) of new cases among clustered cases indicate that a significant portion of the drug-resistant cases resulted from recent transmission. This result and the fact that 75% of the MDR cases were also clustered show that the monitoring and control of drug-resistant tuberculosis is rather inadequate in Hungary ( Table 2 ). The rate of clustered MDR cases was lower in Poland (50.7%) and Germany (49.4%), was similar in Belgrade (70%), and was higher in Estonia (95.8%) (3, 11, 12, 15, 19) .
Although statistical analysis did not reveal any statistically significant association between clustering and the various demographic and epidemiologic characteristics, it is noteworthy that nearly one-third of the clustered patients were alcohol abusers, and almost one-quarter of them were homeless (Table  1) . Moreover, since 28.6% of the MDR cases were homeless and 61% of the homeless cases were infected by MDR strains, it is clear that, as in other countries (The Netherlands and France), homelessness plays a major role in the transmission of drug-resistant tuberculosis in the capital, where all these cases were found (6, 18) .
Since contact tracing in Hungary is focused mainly on transmission between close family contacts of diseased individuals, the present study could not determine relationships among all clustered patients. However, the overall correlation of residence and drug resistance profile of patients with clustering strongly supports the close relationship of the strains within a particular cluster.
Another troubling finding of this study was that 3 (10.7%) of the 28 MDR cases were not reported to the NTSC. According to the NTSC, in 2003 and 2004, less than 40% of the newly diagnosed tuberculosis patients received the mandatory fourdrug regimen from their physicians (8, 9) . This nonadherence of clinicians to national regulations could also contribute to the increase and transmission of drug-resistant tuberculosis. As the number of patients with drug-resistant tuberculosis in a particular hospital can be low, the lack of familiarity with treatment of patients with drug-resistant tuberculosis might also worsen the situation. Indeed, the importance of this problem was underlined by a recent survey conducted in France. That study revealed a 59% treatment failure rate for 51 patients with drug-resistant tuberculosis that were treated in a total of 42 different clinical sites, only 35 of which were managed by a respiratory disease specialist (4).
Some M. tuberculosis genotypes, like the W-Beijing and Haarlem families, received special clinical and public health attention because of their greater ability to be transmitted (1, 5) . Beijing strains showed a high prevalence in Russia and Estonia (30 to 50% of all cases), while the Haarlem genotype is more prevalent in northern Europe (20%) (11, 16) . Analysis (Fig. 1) . It is noteworthy that the presence of the Beijing genotype was observed in every European country from which genotyping results are available (1) . These data, and the fact that all but two patients were Hungarian, indicate that in contrast to other European Community countries (i.e., Germany, The Netherlands, and Poland), drug-resistant tuberculosis in Hungary is the result of active in-country circulation of historical clones with European descent (Haarlem family) and not the result of the importation of strains (i.e., Beijing family) from neighboring countries (Romania and former republics of the Soviet Union) with a high rate of Beijing genotype and/or drug-resistant tuberculosis cases.
In conclusion, the results of this study indicate that more effective control steps are needed to detect and intercept the transmission of drug-resistant tuberculosis in Hungary. One solution to the problem could be the introduction of directly observed therapy. The other solution would be the introduction of real-time cohort analysis of cases by the NTSC in order to increase the adherence of clinicians to national guidelines. In addition, the establishment of reference centers, or teams with expert physicians and microbiologists, for consultation and treatment of drug-resistant cases may also be helpful.
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